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(54) Ink jet print head containing a radiation curable resin layer 



(57) This invention relates to an ink jet print head 
having ink passage ways formed in a radiation cured 
resin layer which is attached to a substrate The pas- 
sageways are connected in fluid flow communication to 
an ink discharging outlet provided by an orifice plate. In 
order to form the passage ways in the resin layer, a resin 
composition is exposed to a radiation source in a pre- 
determined pattern to cure certain regions of resin layer 



while other regions which provide the passage ways re- 
main uncured. The uncured regions are removed from 
the resin layer leaving the desired passage ways. The 
resin composition to be used for forming the radiation 
curable layers is a resin composition comprising: a first 
multifunctional epoxy compound; a second multifunc- 
tional compound; a photoinitiator; and a non-photoreac- 
tive solvent. 
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Description 

FIELD OF THE INVENTION 

This invention relates to an ink jet print head con- 
taining an improved radiation curable resin layer. 

BACKGROUND OF THE INVENTION 

The ink jet print head of an ink jet printer generally 
consists of an orifice plate containing orifices or injection 
parts for discharging ink for recording on a substrate, 
ink passage ways connecting the orifices to an ink sup- 
ply and an energy imparting device for ejecting ink from 
the print head through the orifices. The energy for dis- 
charging the ink during recording is generated in most 
cases by resistance elements or piezoelectric devices. 

Methods tor making the ink passage ways for ink 
jet print heads include, for example, forming fine 
grooves in a thin layer of glass, metal, or plastic by cut- 
ting or etching and then bonding another thin layer of 
material onto the layer having such grooves formed 
thereon to form liquid passage ways. Another method 
involves forming grooves in a photosensitive resin coat- 
ed on a substrate containing the energy imparting de- 
vice by photo lithographic techniques. Once the grooves 
are formed in the photosensitive resin another thin lay- 
ered material is attached to the grooved resin to form, 
for example, nozzle plates. 

Among these methods for preparing an ink jet print 
head, the use of a photosensitive resin to provide at 
least a portion of the ink passage layer is more advan- 
tageous than other methods since the liquid passage 
ways can be manufactured with higher precision and 
yield and liquid jet recording heads can be obtained wi^h 
better quality and lower cost. The photosensitive resin 
is required to have (1) excellent adhesion as a cured 
film to a substrate; (2) excellent mechanical strength 
and durability, when cured; and (3) excellent sensitivity 
and resolution upon patterning with a radiation source. 

Of the known photo curable resins, U.S. Patent No. 
4,623,676 describes a radiation curable composition for 
use as a protective coating for a photographic element 
containing a polymerizable acrylic compound, a polym- 
erizable epoxy-functional silane, a free radical aromatic 
complex salt photoinitiator capable of initiating polymer- 
ization of said acrylic compound, and a cationic aromatic 
complex salt photoinitiator capable of initiating polymer- 
ization of said epoxy functional silane. 

U.S. Patent No 4,688,053 describes a liquid jet re- 
cording head having a layer of a radiation curable resin 
composition containing a linear polymer having a glass 
transition temperature of at least 50/C and a weight av- 
erage molecular weight of at least 3.0 X 1 0 4 , a monomer 
having an ethylenically unsaturated bond, an epoxy res- 
in having one or more epoxy groups, and a polymeriza- 
tion initiator capable of generating a Lewis acid by irra- 
diation with an active energy source. 



U.S. Patent No 4,090, 936 describes a photohard- 
enable composition containing an organic compound 
having an average epoxide functionality in the range of 
about 1 to 1.3; an organic polymer selected from poly- 

5 mers derived from acrylate or methacrylate monomers, 
copolymers of styrene and allyl alcohol, and polyvinyl 
butyral polymers; and an aromatic complex salt aromat- 
ic complex salt photoinitiator 

However, none of the known photosensitive resins 

io provide all of the requisite characteristics for use in jet 
print head applications. For example, photosensitive 
resins used for pattern formation in printing plates, print 
wires, etc., have inferior adhesion to glass, metal, ce- 
ramic and plastic, and insufficient in mechanical 

is strength and durability when cured although they may 
have good sensitivity and resolution For these reasons 
when photosensitive resins are used in a print head, de- 
formation or delamination from the substrate or degra- 
dation of the photosensitive resin layer are liable to oc- 

20 cur during usage which reduces the reliability of the ink 
jet print head by impeding the flow of ink in the ink pas- 
sage ways or making the ink droplet discharge noticea- 
bly unstable. 

On the other hand, photo curable resins which ad- 
25 here to glass, metal, ceramic and plastic, and provide 
satisfactory mechanical strength and durability after cur- 
ing, are inferior in sensitivity and resolution. The inher- 
ent characteristics of photo curable resins makes them 
unsuitable for use in providing ink passage ways be- 
so cause they cannot be cured in the precise patterns re- 
quired for use in ink jet print heads. 

An object of the present invention is to provide an 
improved radiation curable resin for use in ink jet print 
heads. 

35 Another object of the present invention is to provide 

an ink jet print head containing an ink passage layer 
made of a resin satisfying all of the requisite character- 
istics as mentioned above, which is inexpensive, pre- 
cise, high in reliability and excellent in durability 

40 Yet another object of the present invention is to pro- 
vide an ink jet print head having precisely manufactured 
ink passage ways 



45 



SUMMARY OF THE INVENTION 



The invention provides an ink jet print head contain- 
ing ink passage ways in a radiation curable resin at- 
tached to a substrate containing an energy imparting de- 
vice for ejecting ink from the print head The passage 

50 ways are formed in the resin by subjecting a layer of 
radiation curable resin to a predetermined radiation pat- 
tern to thereby lorm cured regions of the resin Uncured 
regions of the resin may then be removed. With regard 
to the above and other objects, the invention provides 

55 a radiation curable resin composition comprising: from 
about 5 to about 50 and preferably from about 10 to 
about 20 weight percent of a first multifunctional epoxy 
compound; from about 0.05 to about 20 and preferably 
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from about 0.1 to about 5.0 weight percent of a second 
multifunctional epoxy compound; from about 1 .0 to 
about 1 0 and preferably from about 1 5 to about 5 weight 
percent of a photoinitiator capable of generating a cati- 
on, like an aromatic complex salt photoinitiator; and from 5 
about 20 to about 90 weight percent and preferably from 
about 45 to about 75 weight percent of a non photore- 
active solvent, wherein the weight percents are based 
on the total weight of the resin composition, and all rang- 
es subsumed therein may be included io 

The resin composition uses a nonphotoreactive sol- 
vent system (which could be aqueous or nonaqueous) 
that is environmentally acceptable. The radiation cured 
resin layer of the invention exhibits greater resolution, 
higher aspect ratios and enhanced adhesion to metal is 
surfaces such as gold or gold/tantalum, thereby extend- 
ing its application to present and projected product re- 
quirements. In addition, the cured resin provides a per- 
manently defined and high pH ink resistant barrier layer 
that can contribute to controlled ink droplet size in ink 20 
jet print heads while resisting corrosion or chemical at- 
tack by the ink itself. 

The radiation cured resin also results in unexpect- 
edly superior adheston between the nozzle plate and 
substrate when the nozzle plate is an alcohol coated pol- 25 
ymer, such as a polymide nozzle plate coated with phe- 
nolic butyral. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

The above and other features of the invention will 
be further described in the following detailed specifica- 
tion considered in conjunction with the accompanying 
drawing in which: 

35 

Fig 1 is a cross -sectional view of an ink jet print 
head containing a radiation cured resin composition 
according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 40 
EMBODIMENTS 

This invention relates to an ink jet print head having 
ink passage ways formed in a radiation cured resin layer 
which is attached to a substrate. The passageways are 45 
connected in fluid flow communication to an ink dis- 
charging outlet provided by an orifice plate. In order to 
form the passage ways in the resin layer, a resin com- 
position is exposed to a radiation source in a predeter- 
mined pattern to cure certain regions of resin layer while 50 
other regions which provide the passage ways remain 
uncured. The uncured regions are removed from the 
resin layer leaving the desired passage ways. The resin 
composition to be used for forming the radiation curable 
layers is a resin composition comprising; a first multi- S5 
functional epoxy compound, a second multifunctional 
epoxy compound, a photoinitiator capable of generating 
a cation, and a non photoreactive solvent In a preferred 
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embodiment, the resin composition further comprises a 
film enhancing agent such as an acrylate or methacr- 
ylate polymer, as well as a silane having a functional 
group capable of reacting with at least one member se- 
lected from the group consisting of the first multifunc- 
tional epoxy compound, the second multifunctional 
epoxy compound and the photoinitiator Such a silane 
is preferably a silane with an epoxide functional group 
such as a glycidoxyalkyltrialkoxy-silane like gamma-gly- 
cidoxypropyltrimethoxy-silane. The silane is present in 
an amount from about 0.05 to about 10 weight percent 
and preferably from about 0.1 to about 2.0 weight per- 
cent based on total weight of the resin composition, in- 
cluding all ranges subsumed therein. Film enhancing 
agent, as used herein, is defined to mean an organic 
material soluble in the restn composition which assists 
the film forming characteristics of the resin composition. 

It is further noted herein that when no silane is em- 
ployed in the curable resin composition, the amount of 
second multifunctional epoxy compound employed is 
less than about 4.5% and preferably less than about 
40%. 

The first component of the resin composition is a 
first multifunctional epoxy compound which includes 
any organic compound having preferably at least two, 
oxirane rings polymerizable by ring opening. Therefore, 
multifunctional means having an average epoxide func- 
tionality of greater than 1.0 and preferably greater than 
or equal to 2. It is further noted that the first multifunc- 
tional epoxy compound and/or the second multifunction- 
al epoxy compound may polymerize and/or crosslink. 
Preferably, the second multifunctional epoxy compound 
is the primary crosslinking agent The first multifunction- 
al epoxy compound is preferably a drfunctional epoxy 
compound which includes monomeric difunctional 
epoxy compounds and polymenc difunctional epoxy 
compounds which may vary in the nature of their back- 
bone and substrtuent groups. Furthermore, the first mul- 
tifunctional epoxy compound preferably has a hydroxy 
group as a substrtuent. In addition to the preferred hy- 
droxy group substrtuent, other permissible substrtuent 
groups include, tor example, halogens, ester groups, 
ethers, sulfonate groups, siloxane groups, nrtro groups, 
and phosphate groups. The molecular weight (Mn) of 
the first multifunctional epoxy compounds may vary 
from about 75 to about 100,000. 

The difunctional epoxy compound or mixture of di- 
functional epoxy compounds are preferably liquids, 
however, one or more solid drfunctional epoxy com- 
pounds may be included in the mixture provided that the 
final mixture is in a liquid phase. 

Difunctional epoxy compounds which may be used 
include diglycidyl ethers of Bisphenol A (e.g. those avail- 
able under the trade designations "Epon 828", "Epon 
1004*, 'Epon 1001F", "Epon SU-8" and "Epon 1010" 
from Shell Chemical Co., "DER-331 ", "DER-332", and 
"DER-334" from Dow Chemical Co.), 3,4-epoxycy- 
clohexylmethyl-3,4-epoxycyclohexene carboxylate (e. 



3 



5 



EP 0 867 488 A1 



g. "ERL-4221" from Union Carbide Corp.), 3,4-epoxy- 
6methylcyclohexylmethyl-3,4-epoxy-6-methylcy- 
clohexene carboxylate (e.g. "ERL-4201" from Union 
Carbide Corp.), bis(3,4-epoxy-6methylcyclohexylme- 
thyl) adipate (e.g. "ERL-4289' from Union Carbide 5 
Corp.), bis(2,3-epoxycyclopenlyl) ether (e.g. "ERL- 
0400" from Union Carbide Corp. The difunctional epoxy 
compound is present in the composition in an amount 
of from about 5 to about 50 weight percent, preferably 
from about 10 to about 20 weight percent. 10 

The second component of the resin composition is 
a second multifunctional epoxy compound. The second 
multifunctional epoxy compound preferably increases 
the crosslink density thereby increasing resolution and 
improving resistance to solvent swelling. The type of 15 
second multifunctional epoxy compound is generally not 
limited, as long as it is a compound capable of resulting 
in the desired resin. An illustrative list of such second 
multifunctional epoxy compound includes, for example, 
those which are the reaction product of phenol; aide- 20 
hydes and epoxides like DEN-431 , DEN-438, DEN 439 
(commercially available from Dow Plastics). 

The second multifunctional epoxy compound is 
present in the composition in an amount of from about 
0.5 to about 20 weight percent, preferably from about 1 25 
to about 10 weight percent and most preferably from 
about 1 to about 5 weight percent, based on the total 
weight of the resin composition. When describing the 
first and second multifunctional compounds of this in- 
vention, compound is meant to include monomers and 30 
polymers. 

The third component of the resin composition is a 
photoinitiator capable of generating a cation such as an 
aromatic complex salt photoinitiator which may be se- 
lected from onium salts of a Group VA element, onium 35 
salts of a Group VIA element, and aromatic halonium 
salts These complex salts, upon being exposed to ul- 
traviolet radiation or electron beam irradiation, are ca- 
pable of generating moieties which initiate reactions 
with epoxides. The aromatic complex salt aromatic com- *o 
plex salt photoinitiator is present in the compositions in 
an amount of from about 1 .0 to about 1 0 weight percent, 
preferably from about 1 .5 to about 5 weight percent, 
based on the total weight of the resin composition 

Preferred aromatic complex salt photoinrtiators in- 4 $ 
elude aromatic iodonium complex salts and aromatic 
sulfonium complex salts Examples of the aromatic io- 
donium complex salt aromatic complex salt photoinitia- 
tors include: 

so 

diphenyliodonium tetrafluoroborate 
di(4-methylphenyl)iodonium tetrafluoroborate 
phenyl-4-methylphenyliodonium tetrafluoroborate 
di(4-heptylphenyl)iodonium tetrafluoroborate 
di(3-nitropheny I) iodonium hexafluorophosphate 
di(4-chlorophenyl)iodonium hexafluorophosphate 
di ( naphth y I ) iodon i u m t etraf I uoroborat e 
di(4-trifluoromethylphenyl)iodonium tetrafluorobo- 



rate 

diphenyliodonium hexafluorophosphate 
di(4-methylphenyl)iodonium hexafluorophosphate 
diphenyliodonium hexafluoroarsenate 
di(4-phenoxyphenyl)iodonium tetrafluoroborate 
phenyl-2-thienyliodonium hexafluorophosphate 
3,5-dimethylpyrazolyl-4-phenyliodonium hexafluor- 
ophosphate 

diphenyliodonium hexafluoroantimonate 

2,2' -diphenyliodonium tetrafl uoroborat e 

d i (2 , 4 -d ichlorop heny I ) iodoni u m h exaf I u orophos- 

phate 

di(4-bromophenyl)iodonium hexafluorophosphate 
di(4-methoxyphenyl)iodonium hexafluorophos- 
phate 

di(3-carboxyphenyl)iodonium hexafluorophos- 
phate 

di(3-methoxycarbonylphenyl)iodonium hexafluoro- 
phosphate 

di(3-methoxysulfonylphenyl)iodonium hexafluoro- 
phosphate 

di(4-acetamidophenyl)iodonium hexafluorophos- 
phate 

di(2-benzoethienyl)iodonium hexafluorophosphate 

Of the aromatic iodonium complex salts which are 
suitable for use in the compositions of the invention the 
preferred salts are the diary I iodonium hexafluorophos- 
phate and the diary I iodonium hexafluoroantimonate. 
These salts are preferred because, in general, they are 
more thermally stable, promote faster reaction, and are 
more soluble in inert organic solvents than are other ar- 
omatic iodonium salts of complex ions. 

Examples of aromatic sulfonium complex salt aro- 
matic complex salt photoinitiators include: 

trip henylsu If onium tetrafluoroborate 
methyldiphenylsulfonium tetrafluoroborate 
dimethylphenylsulfonium hexafluorophosphate 
triphenylsulf onium hexafluorophosphate 
triphenylsulfonium hexafluoroantimonate 
diphenylnaphthylsulfonium hexafluoroarsenate 
tritolysulfonium hexafluorophosphate 
anisyldiphenylsulfonium hexafluoroantimonate 
4-butoxyphenyldiphenylsulf onium tetrafluorobo- 
rate 

4-chlorophenytdiphenylsulf onium hexafluoroanti- 
monate 

tns(4-phenoxyphenyl)sulfonium hexafluorophos- 
phate 

di(4-ethoxyphenyl)methylsulf onium hexafluoroars- 
enate 

4-acetoxy-phenyldiphenyisulf onium tetrafluorobo- 
rate 

tns{4-thiomethoxyphenyl)sulf onium hexafluoro- 
phosphate 

di(methoxysulfonylphenyl)methylsulf onium hex- 
afluoroantimonate 
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di(methoxynapththyl)methylsul1onium tetrafluorob- 
orate 

di{caibomethoxyphenyl)methylsutfoniunn hex- 
afluorophosphate 

4-acetamidophenyldiphenylsutfonium tetrafluorob- s 
orate 

dimethylnaphthylsulfonium hexafluorophosphate 
trifluoromethyldiphenylsulfonium tetrafluoroborate 
methyt(n-methylphenothiazinyJ)sulfonium hex- 
afluoroantimonate io 
phenylmethylbenzylsulfonium hexafluorophos- 
phate 

Of the aromatic sulfonium complex salts which are 
suitable for use in the compositions of the invention the *5 
preferred salts are the triaryl-substituted salts such as 
triphenylsuttonium hexafluorophosphate. The triaryl- 
substituted salts are preferred because they are more 
thermally stable than the mono- and diaryl substituted 
salts thereby providing a one-part system with long shelf 20 
life The triaryl-substituted complex salts are also more 
amenable to dye sensitization. Consequently, the use 
of such complex salts results in composrtions which are 
much more useful in applications where near ultraviolet 
and visible light are used for exposure. If desired, the 25 
composition may be prepared in shelf stable concen- 
trate form (i.e. with high levels of complex salt) which is 
suitable for later dilution to a more commercially practi- 
cal coating composition. 

The most preferred photoinitiator capable of gener- so 
ating a cation is a mixed triarylsutfonium hexafluoroan- 
timonate salt, commercially available from Union Car- 
bide (UV 1-6975). 

The fourth component of the resin composition is a 
non photo reactive solvent. This solvent is limited only to 35 
the extent that the desired components, prior to curing 
are soluble in it. Preferred nonphotoreactive solvents in- 
clude gamma-butyrolactone, C-,_ 6 acetates, tetrahydro- 
furan low molecular weight ketones, mixtures thereof 
and the like. *° 

The nonphotoreactive solvent is present in the com- 
position an amount of from about 20 to about 90 weight 
percent, preferably from about 45 to about 75 weight 
percent, based on the total weight of the resin compo- 
sition. 45 

Preferably, the resin composition of the present in- 
vention may include up to about 35 weight percent and 
preferably about 10 to about 20 weight percent of an 
acrylate or methacrylate polymer which is derived from 
at least one acrylate or methacrylate monomer The pol- so 
ymer may be a homopolymer, a copolymer, or a blend. 
The term "polymer" as used herein is meant to include 
oligomers (e.g. materials having a number average mo- 
lecular weight as low as about 1 000) as well as high pol- 
ymers (which may have a number average molecular S5 
weight ranging up to about 1,000,000) Preferably the 
number average molecular weight of the acrylate or 
methacrylate polymer is in the range of from about 
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10,000 to about 60,000 and most preferably from about 
20,000 to about 30,000. 

Preferred acrylate or methacrylate polymers may 
be derived from various monomers so long as at least 
one of those monomers is an acrylate or methacrylate 
monomer. For example, representative useful acrylate 
and methacrylate monomers include: methylmethacr- 
ylate, n-butylacrylate, hydroxyethylacrylate, hydrox- 
yethylmethacrylate, n-butylmethacrylate, hydroxypro- 
pylacrylate, hydroxypropy (methacrylate, and ethylacr- 
ylate. Preferably, the acrylate and methacrylate mono- 
mers are esters of acrylic, or methacrylic, acid with an 
aliphatic alcohol of 1 to 4 carbon atoms or an aliphatic 
diol of 2 to 4 carbon atoms. 

Representative useful acrylate or methacrylate pol- 
ymers derived from the foregoing monomers include: 
methylmethacrylate/styrene/nbutyiacrylate/hydrox- 
yethylacrylate, methylmethacrylate/nbutylmethacr- 
ylate/hydroxyethylmethacrylate, and methylmethacr- 
ylate/nbutylmethacrylate. In general, the backbone of 
the acrylate or methacrylate polymer contains a major 
amount (by weight) of acrylate or methacrylate constit- 
uents while non-acrylate constituents, if any, represent 
a minor portion of the backbone. 

Useful commercially available acrylate or methacr- 
ylate polymers include "Elvacite 2008", "Elvacite" 201 3 
(available from ICI Acrylics) which is methylmethacr- 
y late (7 3)/n -butyl methacrylate (27) copolymer; "B-48N" 
(available from Rohm and Haas) which is an acrylic pol- 
ymer; 'lonac X-208" (available from lonac Chemical 
Company) which is a methylmethacrylate(44)/n-butyl- 
methacry late(45)/hydroxyethylacrylate( 1 1 ) copolymer; 
"QR-572" (available trom Rohm and Haas) which is a 
nbutylacry late (B0)/hydroxyethy lac ry late( 1 5)/vinyl ace- 
tate(5) copolymer; and "GCure 868" (available from 
General Mills) which is a methylmethacrylate(30)/nbuty- 
lacrylate(50)/hydroxyethylacrylate(20) copolymer. 
Combinations of acrylate or methacrylate monomers 
may also be used. 

The resin composition of the invention may also 
contain various additives such as conventional fillers (e. 
g. barium sulfate, talc, glass bubbles) viscosity modifiers 
(e g pyrogenic silica), pigments, etc. 

In one embodiment of the present invention, the 
composition contains from about 45 to about 75 weight 
percent gamma-butyrolactone, from about 10 to about 
20 weight percent first multifunctional epoxy compound, 
from about 0.1 to about 5.0 weight percent of a second 
multifunctional epoxy compound, from about 1.5 to 
about 5 weight percent of a aromatic complex salt pho- 
toinitiator, and from about 0.1 to about 2 weight percent 
gamma glycidoxypropyltrimethoxy-silane In another 
embodiment, the composition contains from about 45 to 
about 75 weight percent gamma-butyrolactone, from 
about 1 0 to about 20 weight percent polymethyl meth- 
acrylate-comethacryiie acid, from about 10 to about 20 
weight percent first functional epoxy compound, from 
about 0.1 to about 5.0% by weight second multifunction- 
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al apoxy compound, from about 1 .5 to about 3.0 weight 
percent aromatic complex salt photoinitiator, and from 
about 0 1 to about 2 weight percent gamma glycidoxy- 
propyltrimethoxy-silane. 

A method for applying the composition to a sub- 
strate involves centering the substrate on an appropri- 
ate sized chuck of either a resist spinner or conventional 
wafer resist deposition track The composition is either 
dispensed by hand or mechanically into the center of 
the substrate. The chuck holding the substrate is then 
rotated at a predetermined number of revolutions per 
minute to evenly spread the composition from the center 
of the substrate to the edge of the substrate. The rota- 
tional speed of the substrate may be adjusted or the vis- 
cosity of the material may be altered to vary the resulting 
fiim thickness. The resulting coated substrate is then re- 
moved from the chuck either manually or mechanically 
and placed on either a temperature controlled hotplate 
or in a temperature controlled oven until the material is 
"soft" baked. This step removes a portion of the solvent 
from the liquid resulting in a partially dried film on the 
substrate. The substrate is removed from the heat 
source and allowed to cool to room temperature. 

In order to define patterns in the resulting film, the 
material must be masked, exposed to a collimated ul- 
traviolet light source, baked after exposure and devel- 
oped to define the final pattern by removing unneeded 
material. This procedure is very similar to a standard 
semiconductor lithographic process The mask is a 
clear, flat substrate usually glass or quartz with opaque 
areas defining the pattern to be removed from the coat- 
ed film (i.e. negative acting photoresist). The opaque ar- 
eas prevent the ultraviolet light from cross linking the 
film masked beneath it. The non-cross linked material 
is then solubilized by a developer and removed leaving 
fhe predetermined pattern behind on the substrate. 

The developer comes in contact with the coated 
substrate through either immersion and agitation in a 
tank-like setup or by spray. Either spray or immersion of 
the substrate will adequately remove the excess mate- 
rial as defined by the photo masking and exposure. Il- 
lustrative developers include, for example, a xylene and 
butyl cellosolve acetate mixture and C.,_ 6 acetates like 
butyl acetate. 

Curing of the resin composition of the invention oc- 
curs on exposure of the composition to any suitable 
source of radiation emitting actinic radiation at a wave- 
length within the ultraviolet and visible spectral regions 
Exposures may be from less than about 1 second to 10 
minutes or more depending upon the amounts of partic- 
ular opoxy materials and aromatic complex salts being 
utilized and depending upon the radiation source and 
distance from the source and the thickness of the resist 
pattern to be hardened The resin compositions may al- 
so be hardened by exposure to electron beam irradia- 
tion. 

The substrate of the ink jet print head containing the 
energy imparting devices is a dielectric layer made from 
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glass, metal, ceramic, or silicon. 

The hardening is a triggered reaction, i.e. once the 
degradation of the aromatic complex salt has been ini- 
tiated by exposure to a radiation source, the hardening 

s reaction proceeds and will continue after the radiation 
source is removed The use of thermal energy during or 
after exposure to a radiation source will generally accel- 
erate the hardening reaction, and even a moderate in- 
crease in temperature may greatly accelerate hardening 

to rate. 

The resin compositions of the invention are pre- 
pared for example, by simply mixing the first and sec- 
ond multifunctional epoxy compounds, silane, acr- 
ylates, and non photoreactive solvent under conditions 

15 which do not promote curing. Once the resin mixture is 
prepared it is coated, for instance, onto an ink jet print 
head substrate by a coating technique known in the art 
such as spin coating, spraying, roll coating, and the like. 
Referring to the drawings, Figure 1 is a schematic 

20 illustration of the ink jet print head of the invention. The 
ink jet print head comprises a substrate 2, a radiation 
cured resin layer 4 on the substrate, an ink ejection 
chamber 10, an orifice 12. and a passage way 6 The 
passage way 6 is in fluid flow communication with the 

2S orifice 12. The print head contains an energy imparting 
device 16 for discharging the ink through the orifice 12. 
The energy for discharging the ink is generated by ap- 
plying electronic signals to the energy imparting device 
18 as desired. These energy imparting devices include 

30 heat resistance elements or piezoelectric elements 
which are arranged in predetermined patterns on the 
substrate 2. 

The following materials are used in the examples. 

35 

ELVACITE 2008 is a low molecular weight 
polymethylmethacrylate (comprising 2-3% carboxylic 
acid functionality) which is a nonphotoreactive, impact 
absorbing binder that exhibits excellent film forming ca- 
^0 pabilities as well as providing the good thermal tack and 
adhesion needed forthermal compression bonding. EL- 
VACITE 2008 is available from I CI Acrylics. 

EPON 1001F is a difunctional epoxy compound 
which adds to the tensile strength and to the elastomeric 
45 properties of the spun on film. EPON 1 001 F is available 
from Shell Chemical Company. 

DEN 431 is a multifunctional epoxy resin that in- 
creases crosslink density thereby increasing resolution 
and improving the resistance to solvent swelling DEN 
so 431 is available from Dow Chemical Company. 

Cyracure UVI 6974 is a aromatic complex salt pho- 
toinitiator allowing for the definition of patterns in the film 
when U V light is shown through an optical mask onto a 
film below. The resulting images are defined by devel- 
55 oping away the uncrosslinked film leaving behind high 
resolution images in the epoxy thick film. 

The following nonlimlting examples illustrate further 
aspects of the invention 
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A 50g/50g solution of ELVACITE 200B in gamma- 
butyrolactone was prepared. The mixture was turned for 
16 hours on a roller mill. EPON 1001 F, 40 grams, was 5 
crushed to a powder and added to the solution. The so- 
lution was turned for 1 6 hours on a roller mill. DEN 431 , 
10 grams, and 5 grams limonene oxide {a low viscosity 
liquid monofunctional epoxy) were added to the solution 
and mixed until the solution was homogeneous. UVI to 
6974. 10 grams, was added and mixed thoroughly. 

The solution was spun onto a substrate used to 
make a printhead for an inkjet printer by means of a sil- 
icon wafer in a spinner at 2.5K rpm for 30 seconds to 
provide a 30 micron film which was subsequently devei- ts 
oped. After this an inkjet nozzle plate was attached to 
the substrate by a conventional adhesion technique to 
produce an inkjet printhead After placingthe inkjet print- 
head in a conventional ink jet ink (at 60 °C), the nozzle 
plate began to detach after aboul 1 month. 20 

Example 2 

A 50g/50g solution of ELVACITE 2008 in gamma- 
butyrolactone was prepared. The mixture was turned for 25 
16 hours on a roller mill. EPON 1001 F, 40 grams, was 
crushed to a powder and added to the solution. The so- 
lution was turned for 16 hours on a roller mill. DEN 431 , 
1 0 grams, was added to the solution and mixed until the 
solution was homogeneous. UVI 6974, 5 grams, was 30 
added and mixed thoroughly. To the resulting solution, 
1 gram of glycidoxypropyltrimethoxy-silane was added. 

The solution was spun onto a substrate used to 
make a printhead for an ink jet printer by means of a 
silicon wafer in a spinner at 2.5K rpm for 30 seconds to 35 
provide a 30 micron film which was developed. After 
this, a phenolic butyral coated polyimide ink jet nozzle 
plate was attached to the substrate by a conventional 
technique to produce an ink jet printhead. After placing 
the ink jet printhead in a conventional ink jet ink (at 60 
°C), the nozzle plate did not, even remotely, begin to 
detach after about 1 month. 

Example 3 

45 

A curable resin and ink jet printhead were prepared 
in a manner similar to the one described in Example 2 
except thai the Elvacite 2008: gamma-butyrolactone ra- 
tio was 50g/1 OOg, the spinner was set at 3.0 rpm for 60 
seconds and the film was 2.5 microns. The resulting 50 
printnead was placed in a conventional ink jet ink at 
60° C. After about 1 month, the nozzle plate did not, even 
remotely, begin to detach from the substrate 

While the invention has been described with partic- 
ular reference to certain embodiments thereol, it will be 55 
understood that changes and modifications may be 
made which are within the skill of the art within the spirit 
and scope of the appended claims 



1. A radiation curable resin composition comprising 

(A) about 5 to about 50 weight percent of a first 
multifunctional epoxy compound; 

(B) about 0.5 to about 20 weight percent of a 
second multifunctional epoxy compound. 

(C) about 10 to about 10 weight percent of a 
photoinrtiator capable of generating a cation; 

(D) a silane having a functional group capable 
of reacting with at least one member selected 
from A, B and C; and 

(E) about 20 to about 90 weight percent of a 
non photoreactive solvent, wherein the weight 
percents are based on the total weight of the 
resin composition 

2. An ink jet print head having ink passage ways con- 
nected to an ink discharging outlet provided on a 
substrate, said passage ways being formed by sub- 
jecting a layer of a radiation curable resin composi- 
tion to a predetermined pattern exposure with said 
radiation to thereby form a cured region of said resin 
composition and removing the uncured resin com- 
position region from said layer said radiation cura- 
ble resin composition comprising: 

(A) about 5 to about 50 weight percent of a first 
multifunctional epoxy compound; 

(B) about 0.5 to about 20 weight percent of a 
second muttif unctional epoxy compound; 

(C) about 10 to about 10 weight percent of a 
photoinitiator capable of generating a cation; 

(D) a silane having a functional group capable 
of reacting with at least one member selected 
from A, B and C; and 

(E) about 20 to about 90 weight percent of a 
non photoreactive solvent, wherein the weight 
percents are based on the total weight of the 
resin composition 

3. An ink jet print head having ink passage ways con- 
nected to an ink discharging outlet provided on a 
substrate, said passage ways being formed by sub- 
jecting a layer of a radiation curable resin composi- 
tion to a predetermined pattern exposure with said 
radiation to thereby form a cured region of said resin 
composition and removing the uncured resin com- 
position region from said layer, said radiation cura- 
ble resin composition comprising: 

(A) about 10 to about 20 weight percent of a 
first multifunctional epoxy compound, 

(B) less than about 4.5% by weight of a second 
multifunctional epoxy compound; 

(C) about 1 to about 1 0 weight percent of a pho- 
toinitiator capable of generating a cation; and 
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(D) about 20 to about 90 weight percent of a 
nonphotoreactive solvent, wherein the weight 
percents are based on the total weight of the 
resin composition. 

4. The ink jet print head according to Claim 2 wherein 
the molecular weight of the first multifunctional 
epoxy compound is from about 100 to about 
100.000. 

5. The ink jet print head according to Claim 2 wherein 
the first multifunctional epoxy compound is a digly- 
cidyl ether of Bisphenol A 

6. The ink jet print head according to Claim 2 wherein is 
the photoinitiator is an aromatic complex salt pho- 
toinitiator is selected from the group consisting of 
onium salts of a Group VA element, onium salts of 

a Group VIA element, aromatic halonium salts, and 
combinations thereof. 20 

7. The ink jet print head according to Claim 2 wherein 
the resin composition further comprises up to about 
35 weight percent of an acrylate or methacrylate 
polymer. 2S 

8. The ink jet print head according to Claim 7 wherein 
the acrylate or methacrylate polymer is selected 
from the group consisting of copolymers of methyl- 
methacrylate/n-butylmethacrylate, rnethylmethacr- so 
ylate/n-bulylmethacrylate/hydroxyethylmethacr- 

ylate, methytmethacrylate/-styrene/n-butylacrylate/ 
h y d roxy et h y lac ry lat e , sty re n e/hy d roxy et hy I ac r- 
ylate, and n-butylacrylate/hydroxyethylacrylate/vi- 
nyl acetate. 35 

9. A radiation curable resin composition comprising: 

(A) about 5 to about 50 weight percent of a first 
multifunctional epoxy compound; *o 

(B) less than about 4 5% of a second multifunc- 
tional epoxy compound; 

(C) about 1.0 to about 10 weight percent of a 
photoinitiator capable of generating a cation; 
and 45 

(D) about 20 to about 90 weight percent of a 
non photoreactive solvent, wherein the weight 
percents are based on the total weight of the 
resin composition. 

50 



55 
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